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COMMUNICATION TERMINAL AND
COMMUNICATION METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation application of PCT Patent Applica-
tion No. PCT/JP2011/000398 filed on Jan. 26, 2011, desig-
nating the United States of America, which 1s based on and
claims priority of Japanese Patent Application No. 2010-
039337 filed on Feb. 24, 2010. The entire disclosures of the
above-identified applications, including the specifications,
drawings and claims are incorporated herein by reference 1n
their entirety.

BACKGROUND OF INVENTION

1. Technical Field

The present invention relates to communication terminals
and communication methods for transmitting and receiving
audio signals, and particularly relates to a communication
terminal and a communication method which transmit an
audio signal on which echo cancellation processing has been
performed.

2. Background Art

Recent years have seen the development of devices which
transmit and receive video for large-screen and audio 1n high-
frequency band to allow users to enjoy high-quality commu-
nication and call with a high realistic sensation. In this case,
audio 1s often output from a speaker embedded 1n a display
that displays video. Furthermore, an installation site of such
device 1s expected to be, for example, a conference room 1n an
oflice, a living room 1n a house, or a room which 1s large
enough 1n size to accommodate at least a few people.

In such a case, sound of a speaker at the far end (1.¢., 1n a
destination communication terminal) 1s captured by a micro-
phone at the near end (i.e., 1n a source communication termi-
nal) and then 1s transmitted to the far end 1n form of an echo.
In order to remove this echo, the communication terminal
includes an echo canceller. The echo canceller here removes
an echo which 1s generated 1n the case where the speaker and
the microphone are located at a distance greater than a dis-
tance of those of a mobile phone.

However, the above echo canceller involves an enormous
amount of computation as compared to a simple echo cancel-
ler which 1s used, for example, 1n a conventional mobile
phone. For this, there are two causes.

The first cause 1s that the reproduction band of audio 1s
expanded aiming at high-quality audio communication. Take
an example of a mobile phone, the reproduction band 1is
slightly lower than 4 kHz, and the reproduction band of audio
which 1s used 1n the communication with a high realistic
sensation 1s, for example, 12 kHz.

The second cause 1s that the echo time 1s prolonged. In a
conventional mobile phone, audio 1s output form a speaker at
an ear and then 1s captured by a microphone at a mouth, with
the result that the echo time 1s expected to be approximately
30 msec at most. In contrast, a communication system with a
high realistic sensation 1s provided with, as mentioned above,
a speaker embedded 1n a display and adapted to a high volume
of sound and a microphone installed 1n a room. Since the
room 1s large enough 1n size to accommodate at least a few
people, the echo time 15 expected to be approximately 600
msec.

Generally, 1n a single echo cancellation scheme, the
amount of computation of the echo canceller 1s proportional
to the square of the reproduction band and 1s further propor-
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tional to the expected echo time. In the above example, the
reproduction band 1s three times wider and the echo time 1s 20
times longer, which means that the required amount of com-
putation 1s 3x3x20=180 times greater.

The reason why the amount of computation of the echo
canceller 1s proportional to the square of the reproduction
band and 1s further proportional to the expected echo time 1s
as follows.

FIG. 16 shows a basic principle of a conventional echo
canceller 10. As shown 1n FIG. 16, the echo canceller 10
removes an echo originated from the sound output from a
speaker 20 and captured by a microphone 30.

Specifically, the echo canceller 10 includes a pseudo-echo
generation unit 11 and a subtractor 12, and the pseudo-echo
generation unit 11 estimates, using an iput signal from the
microphone 30 and a reference signal, a transfer function of
the space where the speaker 20 and the microphone 30 are
placed. The pseudo-echo generation unit 11 then uses, for the
estimated transier function, an adaptive filter having a prede-
termined number of taps and thereby generates a pseudo echo
by driving the adaptive filter. The subtractor 12 then reduces
the echo by subtracting, {rom the mput signal captured by the
microphone 30, the pseudo echo generated by the pseudo-
echo generation unit 11.

Here, the number of taps T of the filter 1n the transfer
function 1s determined by T=ExF where E represents the echo
time and F represents a sampling frequency of the signal.

The echo canceller 10 processes a filter having (ExF) taps
for each sample, which means that the amount of computation
per unit time 1s (ExF)xF. Thus, the amount of computation of
the echo canceller 10 1s proportional to the echo time E and 1s
proportional to the square of the sampling frequency F.

There 1s a subband echo canceller (see Non-Patent Litera-
ture 1) as a known technique for reducing an amount of
computation of an echo canceller which cancels an echo in the
space where a speaker and a microphone are placed at a
distance from each other.

The subband echo canceller divides an 1input signal into a
plurality of subband signals and down-samples the input sig-
nal at the same time. For example, assume that the signal 1s
divided into 20 subbands and down-sampled to one sixteenth,
then the amount of computation 1s Ex(F/16)x(F/16)x20+c.
Here, o represents an amount of computation for the division
into the subbands. When a.1s sulliciently small, the amount of
computation can be reduced to 20/256 as compared to a
typical echo canceller.

In addition, as a method of turther reducing the amount of
computation, Patent Literature 1 discloses a technique of a
subband echo canceller 1n which taps of an adaptive filter of
an echo canceller 1n each band are increased and decreased
depending on a sound source, to thereby reduce the amount of
computation.

CITATION LIST
Patent [iterature

[Patent Literature 1] Japanese Unexamined Patent Applica-
tion Publication No. 6-318885

Non Patent Literature

[Non Patent Literature 1] The Journal of the mstitute of Elec-
tronics, information, and Communication Engineers A vol.
I79-A No. 6 pp. 1138 to 1146, June, 1996

[Non-Patent Literature 2] Journal of Signal Processing Vol.

12, No. 2, pp. 143 to 154, March, 2008
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SUMMARY OF INVENTION

However, the above conventional technique has a problem
ol insufficiency of a reduction 1n the amount of computation
ol the echo canceller.

For example, in the technique disclosed by Non Patent
Literature 1, even in the case of the above example, the
amount of computation of the echo canceller 1n a communi-
cation system with a high realistic sensation 1s 180 times
different from that in a conventional mobile phone as a
premise, with the result that the amount of computation 1n the
communication system 1s 180x20/256=14 times greater than
that 1n the mobile phone.

Furthermore, in the technique disclosed by Patent Litera-
ture 1, the processing of adaptively (which means, according
to an input signal) increasing and decreasing the order of the
filter of the echo canceller 1n each subband requires some
amount ol computation.

Thus, the present invention has been devised 1n view of the
above conventional problem and has an object to provide a
communication terminal and a communication method
which further reduces the amount of computation required for
echo cancellation processing.

In order to solve the above problem, a communication
terminal according to an aspect of the present invention 1s a
communication terminal which performs audio signal com-
munication with another communication terminal and com-
prises: a decoding unit configured to (1) decode an input
bitstream received from the other communication terminal, to
generate an output audio signal and (11) output the generated
output audio signal to a speaker; an echo cancellation unit
configured to obtain an mput audio signal and remove, for
respective subbands, an echo component included in the
obtained 1nput audio signal, to generate an audio signal for
transmission, the input audio signal representing sound cap-
tured by a microphone placed 1n a space to which the speaker
outputs the sound, and the echo component corresponding to
the output audio signal generated by the decoding unit; a
coding unit configured to (I) code the audio signal for trans-
mission to generate an output bitstream and (11) transmit the
generated output bitstream to the other communication ter-
minal; and a control unit configured to control, for the respec-
tive subbands, echo cancellation processing of the echo can-
cellation unit according to a reproduction band of at least one
of the output audio signal and the audio signal for transmis-
S1011.

With this, the echo cancellation processing 1s controlled
according to a reproduction band of at least one of the output
audio signal and the audio signal for transmission, which
allows a further reduction 1n the amount of computation
required for echo cancellation processing. This means that it
1s possible to perform the echo cancellation processing which
1s suited according to a reproduction band of the audio signal
processed by another communication terminal, with the
result that the control of avoiding unnecessary echo cancel-
lation processing can be taken to reduce the amount of com-
putation.

Furthermore, 1t may be possible that the echo cancellation
unit generate the audio signal for transmission by applying,
for the respective subbands, a filter having a predetermined
number of taps to the mput audio signal, and the control unit
set, for the respective subbands, the number of taps according
to the reproduction band of the at least one of the output audio
signal and the audio signal for transmission.

By so doing, the number of taps can be adaptively set for
respective subbands, with the result that that a filter which 1s
less likely to suifer from ineificiency can be applied 1n each
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subband, which allows a reduction 1n the amount of compu-
tation required for echo cancellation processing.

Furthermore, 1t may be possible that the control unit set, to
0, the number of taps of the filter which 1s applied 1n at least
one ol the subbands that includes a frequency band of a
frequency higher than or equal to a frequency 1n the repro-
duction band of the at least one of the output audio signal and
the audio signal for transmission.

By so doing, a frequency component in a band of a fre-
quency higher than or equal to a frequency in the reproduction
band of the audio signal for transmission 1s not processed by
another communication terminal, meaning that it 1s possible
to further reduce the amount of computation by providing a
setting that avoids echo cancellation processing on a signal 1n
such a frequency subband as that the transmission of the
signal to another communication terminal provides no eflfect.
Alternatively, since the input audio signal does not include an
echo component of a frequency component 1n a band of a
frequency higher than or equal to a frequency 1n the repro-
duction band of the output audio signal, 1t 1s possible to
further reduce the amount of computation by providing a
setting that avoids unnecessary echo cancellation processing.

Furthermore, 1t may be possible that the control unit per-
form the echo cancellation processing only 1n part of the
subbands that includes a frequency band of a frequency lower
than or equal to a frequency in the reproduction band of the at
least one of the output audio signal and the audio signal for
transmission.

By so doing, only a frequency component in a band lower
than or equal to the reproduction band of the audio signal for
transmission 1s processed by another communication termi-
nal, meamng that 1t 1s possible to further reduce the amount of
computation by providing a setting that performs echo can-
cellation processing only on a signal which 1s 1 such a fre-
quency subband as to be transmitted to another communica-
tion terminal. Alternatively, since the imput audio signal
includes only an echo component of a frequency component
in a band lower than or equal to the reproduction band of the
output audio signal, it 1s possible to further reduce the amount
of computation by providing a setting that avoids unnecessary
echo cancellation processing.

Furthermore, it may be possible that the control unit turther
include a determination unit configured to determine a type of
a codec which 1s used by the other communication terminal 1n
coding or decoding an audio signal, to determine the repro-
duction band of the at least one of the output audio signal and
the audio signal for transmission, and the control unit control
the echo cancellation processing according to the reproduc-
tion band determined by the determination unait.

With this, 1t 1s possible to determine a reproduction band by
just determining a type of a codec, which allows a significant
reduction in the amount of computation required for echo
cancellation processing as compared to the case of determin-
ing the number of taps from the input audio signal.

Furthermore, it may be possible that the control unit further
includes a determination unit determine a sampling fre-
quency which 1s used by the other communication terminal,
to determine the reproduction band of the at least one of the
output audio signal and the audio signal for transmission, and
the control unit control the echo cancellation processing
according to the reproduction band determined by the deter-
mination unit.

With this, 1t 1s possible to determine a reproduction band by
just determining a sampling frequency, which allows a sig-
nificant reduction 1n the amount of computation required for
echo cancellation processing as compared to the case of deter-
mining the number of taps from the input audio signal.
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Furthermore, 1t may be possible that the input bitstream
include a parameter indicating the reproduction band of the
output audio signal, the decoding unit decode the mput bit-
stream to generate the output audio signal and the parameter,
and the control unit further control the echo cancellation
processing according to a reproduction band indicated by the
parameter generated by the decoding unat.

By so doing, the reproduction band indicated by the param-
cter 1s used, which allows a significant reduction in the
amount of computation required for echo cancellation pro-
cessing as compared to the case of determining the number of
taps from the mput audio signal.

Furthermore, 1t may be possible that the control unit further
determine the reproduction band of the audio signal for trans-
mission, and control, for the respective subbands, the echo
cancellation processing according to the determined repro-
duction band when an amount of computation in processing
performed by the communication terminal exceeds a prede-
termined threshold.

By so doing, even when the amount of computation
increases, the echo cancellation processing can be performed
with a small amount of computation.

Furthermore, 1t may be possible that the communication
terminal further comprise a band limiting unit configured to
limit the reproduction band of the output audio signal and
output, to the speaker, an output audio signal i the limited
reproduction band, and the control unit further determine the
reproduction band which 1s limited by the band limiting unait,
and control, for the respective subbands, the echo cancella-
tion processing according to the determined reproduction
band when an amount of computation in processing per-
formed by the communication terminal exceeds a predeter-
mined threshold.

By so doing, even when the amount of computation
increases, the frequency band of audio which 1s output from
the communication terminal 1s limited so that without limait-
ing a frequency band of a signal which 1s transmitted to
another communication terminal, the echo cancellation pro-
cessing can be performed with a small amount of computa-
tion, with the result that audio degradation which may occur
at another communication terminal can be reduced.

Furthermore, 1t may be possible that the communication
terminal further comprise an instruction unit configured to
transmit an 1nstruction to the other communication terminal
when an amount of computation 1n processing performed by
the communication terminal exceeds a predetermined thresh-
old, the 1nstruction being an istruction for limiting a repro-
duction band of an audio signal which 1s used by the other
communication terminal 1n generating the input bitstream.

By so doing, even when the amount of computation
increases, the frequency band of audio which 1s output from
the communication terminal 1s limited at another communi-
cation terminal so that without limiting a frequency band of a
signal which 1s transmitted to another communication termi-
nal, the echo cancellation processing can be performed with a
small amount of computation, with the result that audio deg-
radation which may occur at another communication terminal
can be reduced.

Furthermore, a communication terminal according to an
aspect of the present invention 1s a communication terminal
which performs audio signal communication with another
communication terminal and comprises: a decoding unit con-
figured to (1) decode an input bitstream recerved from the
other communication terminal, to generate an output audio
signal and (11) output the generated output audio signal to a
speaker; an echo cancellation unit configured to obtain an
input audio signal and remove, for respective subbands, an
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echo component included 1n the obtained input audio signal,
to generate an audio signal for transmission, the input audio
signal representing sound captured by a microphone placed in
a space to which the speaker outputs the sound, and the echo
component corresponding to the output audio signal gener-
ated by the decoding unit; a coding unit configured to (1) code
the audio signal for transmission to generate an output bit-
stream and (11) transmit the generated output bitstream to the
other communication terminal; and a control unit configured
to control, for the respective subbands, echo cancellation
processing ol the echo cancellation unit according to an
amount ol computation 1n processing performed by the com-
munication terminal.

By so doing, even when the amount of computation
increases, the echo cancellation processing can be performed
with a small amount of computation.

Furthermore, 1t may be possible that the echo cancellation
unit generate the audio signal for transmission by applying,
for the respective subbands, a filter having a predetermined
number of taps to the mput audio signal, and the control unit
set, for the respective subbands, the number of taps according
to the amount of computation.

With this, the number of taps can be adaptively set for
respective subbands, which allows a reduction 1n the amount
of computation required for echo cancellation processing.

Furthermore, it may be possible that the control unit set the
number of taps of the filter to 0 when the amount of compu-
tation exceeds a predetermined threshold, the filter being
applied 1n at least one of the subbands that includes a highest-
frequency band and does not include a lowest-frequency
band.

By so doing, no echo cancellation processing 1s performed
for a high frequency band 1n which an echo has a small
impact, with the result that even when the amount of compu-
tation increases, 1t 1s possible to reduce the amount of com-
putation, and since the echo cancellation processing 1s per-
formed for a low frequency band 1n which an echo has a large
impact, 1t 1s also possible to generate an audio signal with
echoes removed.

Furthermore, 1t may be possible that the control unmt per-
form the echo cancellation processing only 1n at least one of
the subbands when the amount of computation exceeds a
predetermined threshold, the at least one subband including a
lowest-frequency band and not including a highest-frequency
band.

By so doing, no echo cancellation processing 1s performed
for a high frequency band 1n which an echo has a small
impact, with the result that even when the amount of compu-
tation increases, 1t 1s possible to reduce the amount of com-
putation, and since the echo cancellation processing 1s per-
formed for a low frequency band 1n which an echo has a large
impact, 1t 1s also possible to generate an audio signal with
echoes removed.

It 1s to be noted that the present invention can be 1mple-
mented not only as the communication terminal, but also as a
method which includes, as steps, the processing units
included in the communication terminal.

Furthermore, part or all of the constituents included in each
of the above communication terminals may be provided 1n
one system large scale integration (LLSI). The system LSI 1s a

super multifunctional LSI manufactured by integrating plural
components mto one chip and is specifically a computer
system which includes a microprocessor, a read only memory
(ROM), a random access memory (RAM) and so on.
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In the communication terminal and the communication
method according to an aspect of the present invention, the
amount of computation required for echo cancellation pro-
cessing can be reduced.

BRIEF DESCRIPTION OF DRAWINGS

These and other objects, advantages and features of the
invention will become apparent from the following descrip-
tion thereof taken in conjunction with the accompanying
drawings that illustrate a specific embodiment of the present
invention.

FIG. 1 1s a block diagram showing an example of a struc-
ture of a communication terminal according to Embodiment
1.

FI1G. 2 1s a block diagram showing an example of a detailed
functional structure of an echo canceller according to
Embodiment 1.

FIG. 3 1s a view for explaining an example of an operation
of the echo canceller according to Embodiment 1.

FIG. 4 1s a view for explaining another example of the
operation of the echo canceller according to Embodiment 1.

FIG. 5 15 a flowchart showing an example of echo cancel-
lation processing according to Embodiment 1.

FIG. 6 1s a block diagram showing another example of the
structure of the communication terminal according to
Embodiment 1.

FI1G. 7 shows an example of frequency characteristics of an
output audio signal according to Embodiment 1.

FIG. 8 1s a block diagram showing another example of the
detailed functional structure of the echo canceller according
to Embodiment 1.

FIG. 9 1s a block diagram showing another example of the
structure of the communication terminal according to
Embodiment 1.

FI1G. 10 1s a block diagram showing an example of a struc-
ture of a communication terminal according to Embodiment
2.

FI1G. 11 1s a view for explaining an example of an operation
of an echo canceller according to Embodiment 2.

FI1G. 12 1s a schematic view for explaining processing of

changing the number of taps while maintaining a relationship
in the number of taps according to Embodiment 2.

FI1G. 13 1s a block diagram showing another example of the
structure of the communication terminal according to
Embodiment 2.

FIG. 14 1s a block diagram showing another example of a
detailed functional structure of the echo canceller according
to Embodiment 2.

FI1G. 15 1s a block diagram showing another example of the
structure of the communication terminal according to
Embodiment 2.

FIG. 16 shows a basic principle of a conventional echo
canceller.

DETAILED DESCRIPTION OF INVENTION

With reference to the drawings, a communication terminal
and a communication method according to the present mnven-
tion are described in detail below.

Embodiment 1

A commumnication terminal according to Embodiment 1 1s
a communication terminal which communicates an audio
signal with another communication terminal and 1s charac-
terized by comprising: an echo cancellation unit which

10

15

20

25

30

35

40

45

50

55

60

65

8

obtains an input audio signal representing sound captured by
a microphone and removes, for respective subbands, an echo
component which 1s included 1n the obtained mput audio
signal and corresponds to an output audio signal provided
from a speaker, to generate an audio signal for transmission;
and a control umit which controls echo cancellation process-
ing according to a reproduction band of at least one of the
output audio signal and the audio signal for transmission. In
other words, the communication terminal according to
Embodiment 1 controls echo cancellation processing accord-
ing to a reproduction band of an audio signal which 1s pro-
cessed by another communication terminal, that 1s, an audio
signal which 1s to be coded or decoded, for example.

FIG. 1 shows an example of a structure of a communication
terminal 100 according to Embodiment 1. The communica-
tion terminal 100 communicates with another communica-
tion terminal via a communication network such as the Inter-
net to provide a video phone call, a video conference, or the
like with a high realistic sensation. The communication ter-
minal 100 outputs, to a speaker 101, an audio signal recerved
from another communication terminal, and transmits, to
another communication terminal, an audio signal represent-
ing sound captured by a microphone 102.

As shown i FIG. 1, the communication terminal 100
includes a control unit 110, a decoder 120, an echo canceller
130, and an encoder 140.

The control unit 110 controls, for the respective subbands,
echo cancellation processing of the echo canceller 130
according to a reproduction band of an output audio signal
provided by the decoder 120 or an audio signal for transmis-
s1on which 1s to be coded by the encoder 140. In other words,
the control unit 110 controls echo cancellation processing
according to a reproduction band of an audio signal which 1s

processed by another communication terminal. As shown in
FI1G. 1, the control unit 110 includes a determinator 111 and
a controller 112.

The determinator 111 determines a type of a codec which
1s present at a far end (another communication terminal).
Specifically, the determinator 111 determines a type of a
codec which another communication terminal uses to code an
audio signal to generate an input bitstream that 1s received by
the communication terminal 100 or which another commu-
nication terminal uses to decode an output bitstream that 1s
outputted by the communication terminal 100.

For example, the determinator 111 determines which type
ol an encoder another communication terminal uses to code
an audio signal to compress it. The type of a codec includes,
for example, G. 729 or G. 711 as a commonly used type, and
advance audio coding (AAC) or adaptive multi-rate-wide-
band (AMR-WB) as a recent high sound quality type.

When the communication terminal 100 establishes com-
munication with another communication terminal, for
example, the determinator 111 determines a reproduction
band of an audio signal by determining a type of a codec
which another communication terminal uses. For example,
when the type of a codec 1s G. 711 or G. 729, the sampling
frequency and the reproduction band will be determined
according to the standard. Specifically, when the type of a
code1s G. 711 or G. 729, 1t shows that the sampling frequency

of a signal input to the encoder 1s 8 kHz and the reproduction
band of the signal 1s 4 kHz.

On the other hand, 1n the case of AAC, AMR-WB, and the
like type, there 1s a plurality of selectable sampling frequen-
cies, with the result that the use of a type of a codec only does
not allow the determinator 111 to determine a reproduction
band of an audio signal. Thus, the determinator 111 deter-
mines a reproduction band of an audio signal by determining
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a sampling frequency which 1s used by another communica-
tion terminal. Since the reproduction band 1s basically half the
sampling frequency, the determinator 111 obtains, from
another communication terminal, information indicating the
sampling frequency and thereby is able to determine the
reproduction band.

Furthermore, the determinator 111 determines which
decoding scheme can be used by another communication
terminal. For example, the determinator 111 determines
whether or not another communication terminal can use the
(5. 711 scheme or the G. 729 scheme. Furthermore, in the case
where another communication terminal can use AMR-WB or
AAC, the determinator 111 determines at how many kHz an
available sampling frequency 1s.

This way the determinator 111 determines a reproduction
band of an audio signal by determining a type of a codec
and/or a sampling frequency which are/is used by another
communication terminal at the time of coding or decoding.
Here, the reproduction band of the audio signal 1s a reproduc-
tion band of an output audio signal which 1s provided by the
decoder 120, or 1s a reproduction band of an audio signal for
transmission which 1s input to the encoder 140.

The controller 112 controls, for the respective subbands,
echo cancellation processing of the echo canceller 130
according to a reproduction of the output audio signal or the
audio signal for transmission. Specific operations of the con-
troller 112 will be described later.

The decoder 120 1s an example of a decoding unit accord-
ing to an implementation of the present invention, which
generates an output audio signal by decoding an mput bit-
stream recerved from another communication terminal and
outputs the generated output audio signal to the speaker 101.
Specifically, the decoder 120 decodes the mput bitstream
using a codec of the type determined by the determinator 111.

It 1s to be noted that the speaker 101 converts, into an
audible signal, the output audio signal provided from the
decoder 120, and outputs, to a space, the audible signal result-
ing from such conversion. Here, the space 1s a space 1n which
the speaker 101 and the microphone 102 are placed and 1s a
space within such a range that the audible signal representing
sound output from the speaker 101 1s captured by the micro-
phone 102.

Thus, the microphone 102 captures audio which 1s on the
near-end (the communication terminal 100) side and includes
the audio signal output from the speaker 101. The input audio
signal, which represents sound captured by the microphone
102, 1s output to the echo canceller 103. It 1s to be noted that
the 1nput audio signal includes an echo component which
corresponds to the output audio signal generated by the
decoder 120. Here, the echo component includes a signal
representing sound which comes from the speaker 101 and 1s
directly captured by the microphone 102 and a signal repre-
senting sound which comes from the speaker 101, 1s reflected
off a wall or the like, and 1s then captured by the microphone
102.

The echo canceller 130 1s an example of an echo cancella-
t1ion unit according to an implementation of the present inven-
tion, which generates an audio signal for transmission by
removing, for the respective subbands, the echo component
included 1n the mput audio signal. The echo canceller 130
operates as controlled by the controller 112 for the respective
subbands, Specific structure and operations of the echo can-
celler 130 will be described later.

The encoder 140 1s an example of a coding umit according,
to an implementation of the present invention, which codes
the audio signal for transmission to generate an output bit-
stream and transmits the generated output bitstream to
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another communication terminal. Specifically, the encoder
140 codes the input bitstream using a codec of the type deter-
mined by the determinator 111. In other words, the encoder
140 obtains information indicating a type of a decoder located
at the far end (another communication terminal) and selects
an appropriate encoder from among encoders of the type
indicated 1n the obtained information.

Next, operations of the communication terminal 100
according to Embodiment 1 are described. Specifically,
operations of the echo canceller 130 and the controller 112 are

described.

FIG. 2 1s a block diagram showing an example of a detailed
functional structure of the echo canceller 130 according to
Embodiment 1.

It 1s to be noted that signals which are input to the echo
canceller 130 include a pulse-code modulation (PCM) signal
(a reference signal, that 1s, the output audio signal) coming
from the decoder 120, a PCM signal (the mput audio signal)
coming from the microphone 102, and a control signal com-
ing from the controller 112. Furthermore, an output signal

(the audio signal for transmission) from the echo canceller
130 1s a PCM signal which 1s directed to the encoder 140.

In FIG. 2, as an example, the sampling frequency of the
reference signal 1s 24 kHz (the reproduction band of the
reference signal 1s 12 kHz), the sampling frequency of the
signal from the microphone 102 1s 24 kHz (the reproduction
band of the signal 1s 12 kHz), and the sampling frequency of
the signal to the encoder 140 1s 24 kHz, all of which are not
always taken 1n a limiting sense.

The echo canceller 130 includes band division filters 131
and 132, pseudo-echo generation units 133a to 133/, subtrac-
tors 134a to 134/, and a subband synthesis filter 135.

The band division filter 131 divides the PCM signal (the
output audio signal ) input from the decoder 120, into different
bands (a plurality of subbands), and downsamples the signals.
The s1gnals resulting from the band division are output to the
pseudo-echo generation units 133a to 133/ according to the
respective Ifrequency bands (subbands).

The band division filter 132 divides the PCM signal (the
input audio signal) mnput from the microphone 102, into dii-
terent bands (a plurality of subbands), and downsamples the
signals. The signals resulting from the band division are out-
put to the pseudo-echo generation units 133a to 133/ accord-
ing to the respective frequency bands (subbands). It 1s to be
noted that in the band division filter 132, the number of
subbands and a sampling rate of the downsampling are desir-
ably equal to those in the band division filter 131.

Although FIG. 2 shows an example in which the signal 1s
divided into six subbands, the present invention 1s not limited
to this example. For example, the signal may be divided into
16 subbands or 32 subbands. Furthermore, the sampling rate
of the downsampling may have any value as long as 1t 1s equal
to or less than a value which corresponds to the number of
subbands. For example, 1n the case of division into 10 sub-
bands, the downsampling rate may be one tenth (10 sam-
pling), one eighth (8 sampling), and so on.

Each of the pseudo-echo generation units 133a to 133/
estimates, using the mput signal from the microphone 102
and the reference signal from the decoder 120, a transfer
function of the space where the audible signal output from the
speaker 101 propagates, and then uses, for the estimated
transier function, an adaptive filter having a predetermined
number of taps, to generate a pseudo echo by driving the
adaptive filter. Here, the pseudo-echo generation units 133q
to 133/ have respective adaptive filters for signals 1n subbands
allocated thereto, to generate pseudo echoes. In this embodi-
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ment, the pseudo echoes may be generated 1n any known
method (for example, 1n the method disclosed by Non Patent
Literature 2).

It 1s to be noted that each of the pseudo-echo generation
units 133a to 133/ sets the number of taps of the filter for a
corresponding subband based on the control signal input from
the controller 112. Specific operations based on the control
signal input from the controller 112 will be described later.

The subtractors 134a to 134/ reduce echoes by subtracting,
from the signal mnput from the microphone 102, the pseudo
echoes generated by the pseudo-echo generation units 133a
to 1331

The subband synthesis filter 135 generates a time-axis
audio signal for transmission by synthesizing, into a single
band, the signals in the respective subbands resulting from the
above echo removal.

Subsequently, how the echo canceller 130 configured as
above operates based on the control signal mput from the
controller 112 1s described below.

First, with reference to FIG. 3, the following describes the
operation of the controller 112 which controls echo cancel-
lation processing of the echo canceller 130 based on a repro-
duction band of the audio output signal, that 1s, an audio
signal coded at the far end (another communication terminal).
FIG. 3 shows an example of the functional structure of the
echo canceller 130 where the sampling frequency of the out-
put audio signal which i1s recerved from the decoder 120 1s 8
kHz, and the sampling frequency of the audio signal for
transmission which 1s output to the encoder 140 1s 24 kHz.

Such a situation occurs when the determinator 111 deter-
mines that the encoder at the far end 1s, for example, G. 711,
and the decoder at the far end 1s, for example, AMR-WB in 24
kHz mode. In this case, since the sampling frequency of the
audio signal for transmission which 1s output to the encoder
140 needs to be set to 24 kHz, the controller 112 controls the
echo canceller 130 so that the echo canceller 130 processes
the subband signals which are in the band range of 0 to 12
kHz. In the example shown 1n FIG. 3, the input audio signal 1s
divided by the band division filter 132 into six subbands as 1n
the case of FIG. 2.

In the meantime, since the sampling frequency of the out-
put audio signal (the reference signal) from the decoder 120 1s
8 kHz, meaning that the reproduction band of the output audio
signal 1s 4 kHz at the highest, an echo included 1n the input
audio signal which 1s recerved from the microphone 102 is 1n
the frequency band below 4 kHz. Thus, only two subbands
(0-2 kHz and 2-4 kHz) are the band in which a signal needs to
be subject to the echo cancellation processing.

Accordingly, the controller 112 controls the echo canceller
130 so that the echo canceller 130 does not perform echo
cancellation processing on the signals which are 1n subbands
above 4 kHz. Specifically, the controller 112 sets, to 0, the
number of taps of a filter of each of the pseudo-echo genera-
tion units 133¢ to 1337/ which processes a frequency compo-
nent 1n a subband above 4 kHz. Alternatively, the controller
112 may set the number of taps to so small a value that an
amount of computation of the echo cancellation processing 1s
negligible.

Incidentally, since an echo signal 1s attenuated more 1n a
high-frequency band than 1n a low-frequency band, the con-
troller 112 may set the number of taps of a {filter for high-
frequency-echo cancellation processing to be lower than the
number of taps of a filter for low-1requency-echo cancellation
processing. Specifically, in this embodiment, since the echo
cancellation processing 1s performed on the signals 1n the two
low-1requency subbands, the controller 112 may set the num-
ber of taps of a filter for O to 2 kHz bands which the pseudo-
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echo generation unit 133a applies, to be larger than the num-
ber of taps of a filter for 2 to 4 kHz bands which the pseudo-
echo generation unit 1335 applies.

As above, under control of the controller 112, the echo
cancellation processing 1s performed only 1n part of the sub-
bands that includes a frequency band lower than or equal to
the reproduction band of the output audio signal, that 1s, the
reproduction band of the audio signal coded at the far end. For
example, the controller 112 sets, to 0, the number of taps of
the filter which 1s applied in at least one of the subbands that
includes a frequency band of a frequency higher than or equal
to a frequency in the reproduction band of the output audio
signal. Specifically, the controller 112 sets, to 0, the number
of taps of the filter which 1s applied 1n all the subbands that
include a frequency band of a frequency higher than or equal
to a frequency 1n the reproduction band of the output audio
signal. By so doing, the frequency band of a signal to be
transmitted to the far end will not be adversely affected and
moreover, the bands of signals subject to the echo cancella-
tion processing can be minimized, which makes 1t possible to
provide communication terminal and method with which an
amount of computation 1s small and sound quality 1s high.

In the above-described example shown 1n FIG. 3, the repro-
duction band (4 kHz) of the output audio signal 1s lower than
the reproduction band (12 kHz) of the audio signal for trans-
mission. The following shall describe, with reference to FIG.
4, an example 1n which the reproduction band of the audio
signal for transmission 1s lower than the reproduction band of
the output audio signal. FIG. 4 shows an example of the
functional structure of the echo canceller 130 where the sam-
pling frequency of the output audio signal which 1s received
from the decoder 120 (the signal which 1s coded at the far end)
1s 24 kHz, and the sampling frequency of the audio signal for
transmission which 1s output to the encoder 140 (the signal
which 1s decoded at the far end) 1s 8 kHz.

In this case, since the reproduction band of the output audio
signal 1s 12 kHz, the frequency band of an echo contained 1n
the mput audio signal recerved from the microphone 102 1s
lower than or equal to 12 kHz. However, in the example
shown 1n FIG. 4, since the reproduction band of the audio
signal for transmission which 1s transmitted to the far end 1s
equal to or lower than 4 kHz, 1t 1s suificient that the echo
cancellation processing 1s performed only on a signal 1n a
band lower than or equal to 4 kHz. Specifically, the controller
112 sets, to O (or a sufliciently small value), the number of
taps of a filter of each of the pseudo-echo generation units
133¢ to 133/ which processes a frequency component 1n a
subband above 4 kHz.

This 1s ultimately the same as that described with reference
to FIG. 3 except that an input to the subband synthesis filter
135 15 only a signal on which the echo cancellation processing
has been performed. This 1s because high-frequency compo-
nents will be synthesized in vain for the reason that the high-
frequency components cannot be reproduced at the far end.

As above, the control unit 110 controls the echo canceller
130 so that the echo cancellation processing 1s performed
only 1n part of the subbands that includes a frequency lower
than or equal to the reproduction band of the audio signal for
transmission, that 1s, the reproduction band of an audio signal
which 1s decoded at the far end. For example, the control unit
110 sets, to 0, the number of taps of the filter which 1s applied
in at least one of the subbands that includes a frequency band
of a frequency higher than or equal to a frequency 1n the
reproduction band of the audio signal for transmission. Spe-
cifically, the control umt 110 sets, to 0, the number of taps of
the filter which 1s applied 1n all the subbands that include a
frequency band of a frequency higher than or equal to a
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frequency 1n the reproduction band of the audio signal for
transmission. By so doing, the frequency band of a signal to
be transmitted to the far end will not be adversely atfected and
moreover, the bands of signals subject to the echo cancella-
tion processing can be minimized, which makes it possible to
provide communication terminal and method with which an
amount of computation 1s small and sound quality 1s high.

The foregoing has described the configuration 1n which
whether to perform the echo cancellation processing 1s deter-
mined for the respective subbands, based on one of the repro-
duction band of the output audio signal and the reproduction
band of the audio signal for transmission. In this regard, the
control unit 110 may compare the reproduction band of the
output audio signal and the reproduction band of the audio
signal for transmission and determine based on a lower one of
these reproduction bands whether to perform the echo can-
cellation processing.

When the reproduction band of the output audio signal 1s
lower than the reproduction band of the audio signal for
transmission, the iput audio signal does not include echoes
in frequency bands higher than or equal to the reproduction
band of the output audio signal, which means that 1t 1s sudfi-
cient that the echo cancellation processing 1s performed only
in part of the subbands that includes a frequency band lower
than or equal to the reproduction band of the output audio
signal. When the reproduction band of the audio signal for
transmission 1s lower than the reproduction band of the output
audio signal, the echo cancellation processing on a signal in a
frequency band of a frequency higher than or equal to a
frequency 1n the reproduction band of the audio signal for
transmission will be 1n vain since such signal 1s not transmit-
ted to the far end, which means that 1t 1s sufficient that the echo
cancellation processing 1s performed only in part of the sub-
bands that includes a frequency band lower than or equal to
the reproduction band of the audio signal for transmission.

Next, an example of the echo cancellation processing in the
communication terminal 100 according to Embodiment 1 1s
described with reference to FIG. 5. FIG. § 1s a flowchart
showing an example of the echo cancellation processing
according to Embodiment 1.

First, the determinator 111 determines reproduction bands
of the output audio signal and the audio signal for transmis-
sion (S101). Specifically, the determinator 111 obtains, as
described above, a type of a codec, that 1s, each of an encoder
and a decoder, and a sampling frequency, which are used at
the far end (another commumnication terminal), to determine
the reproduction bands.

Next, the controller 112 and the echo canceller 130 repeat
the following processing for each subband. For example, the
controller 112 and the echo canceller 130 perform the pro-
cessing sequentially i ascending order of subband fre-
quency.

The controller 112 determines whether or not the subband
includes the reproduction band (5102). For example, when,
just as the O to 2 kHz subband shown 1n FIG. 3 or FIG. 4, the
subband 1ncludes the reproduction band (Yes 1n S102), the
controller 112 controls the echo canceller 130 so that a pre-
determined number of taps 1s set (S103). Here, the predeter-
mined number of taps may be a fixed value that 1s predeter-
mined.

When, just as the 10 to 12 kHz subband shown in FIG. 3 or
FIG. 4, the subband does not include the reproduction band
(No 1n 5102), the controller 112 controls the echo canceller
130 so that the number of taps 1s set to 0 (S104).
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The echo canceller 130 then applies the filter having the set
number of taps to the mput audio signal which has been
divided 1nto subbands, thereby performing the echo cancel-
lation processing (S105).

It 1s to be noted that the processing 1n each subband may be
performed sequentially as shown 1n the flowchart of FIG. 5 or
may alternatively be performed in parallel processing.

As above, the communication terminal 100 according to
Embodiment 1 1s capable of reducing the amount of process-
ing by changing, according to the processing capability of the
far end, the way to treat a subband signal. Specifically, the
communication terminal 100 according to Embodiment 1
determines, based on a type of a codec, a sampling {frequency,
or the like which 1s used by another communication terminal,
a reproduction band of an audio signal which 1s processed by
another communication terminal, and controls echo cancel-
lation processing based on the determined reproduction band,
which allows a reduction in the amount of computation
required for echo cancellation processing.

In Embodiment 1 described above, the following sampling
frequency was specified first, and half the sampling frequency
was specified as the reproduction band: a sampling frequency
which can be directly specified from a codec type determined
by the determinator 111; or a sampling frequency of a signal
at the time of coding. However, 1n the case of some recent
codec, the reproduction band cannot be accurately deter-
mined from the sampling frequency and instead 1s accurately
determined from a parameter included in an input bitstream.

FIG. 6 1s a block diagram showing another example of the
structure of the communication terminal according to
Embodiment 1. A communication terminal 200 shown 1n
FIG. 6 1s different from the communication terminal 100
shown 1n FIG. 1 1n that a control unit 210 1s provided 1nstead
of the control umit 110 and a decoder 220 1s provided instead
of the decoder 120. Specifically, the control unit 210 1s dii-
ferent 1n that a controller 212 1s provided instead of the
controller 112 and the determinator 111 1s not provided. The
following description omits features the same as those
described with reference to FIG. 1 to focus on differences
therefrom.

The decoder 220 1s an example of a decoding unit accord-
ing to an implementation of the present invention, which
generates an output audio signal and a parameter by decoding
an mput bitstream which includes a parameter indicating a
reproduction band of the output audio signal. For example,
the mput bitstream coded in the AAC scheme includes a
parameter “max_sib” indicating an upper limit of the repro-
duction band. Accordingly, the decoder 220 decodes such
input bitstream and outputs the parameter “max_sib” to the
controller 212.

The controller 212 obtains the parameter “max_b” from
the decoder 220 and determines, as the upper limit of the
reproduction band, a value indicated by the obtained param-
eter “max_stb”. The controller 212 then controls the echo
canceller 130 according to the determined reproduction band.
Such control on the echo canceller 130 at this time 1s the same
as the operation which the controller 112 shown 1n FIG. 1
performs.

FIG. 7 shows an example of frequency characteristics of an
output audio signal. As shown 1n FIG. 7, a reproduction band
(Nyquist frequency) determined from the sampling fre-
quency and a reproduction band determined from “max_sib”
have a relationship.

Here, the reproduction band determined from the sampling
frequency 1s 12 kHz, and the reproduction band determined
from “max_sib” 1s 9 kHz. Thus, the input audio signal 1n the
9 to 12 kHz band recerved from the microphone 102 does not
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contain echoes, and the controller 212 therefore sets, to 0, the
number of taps of a filter of the pseudo-echo generation unit

133/ shown 1n FIG. 2.

In EFmbodiment 1 described above, the controller 112 or
212 sets, for example, to 0, the number of taps of a filter which
1s applied at the time of pseudo-echo generation, to reduce the
amount of computation required for echo cancellation pro-
cessing. In this regard, as shown 1n FIG. 8, an echo canceller
230 according to Variation of Embodiment 1 may have a
function of switching, for the respective subbands, between
performing and not performing the echo cancellation pro-
cessing. FIG. 8 1s a block diagram showing another example
of the detailed functional structure of the echo canceller 130
according to Embodiment 1.

The echo canceller 230 1s different from the echo canceller

130 shown 1n FIG. 2 1n that switches 1364 to 136/ are newly
provided. The following description omits features the same
as those described with reference to FIG. 2 to focus on dii-
terences therefrom.

The switches 136a to 136/ are connected between the
respective pseudo-echo generation units 1334 to 133/ and the
band division filter 132 and switch, based on control signals
(not shown) 1nput from the controller 112, whether or not to
input the mput audio signal for each subband to the respective
pseudo-echo generation units 1334 to 133/, In other words,
the switches 136a to 136/ switch, for respective subbands,
between performing and not performing the echo cancella-
tion processing.

Specifically, the controller 112 outputs a control signal so
as to turn on only the switch connected to the pseudo-echo
generation unit which processes a signal 1n a subband includ-
ing a frequency band lower than or equal to the reproduction
band of the output audio signal or the audio signal for trans-
mission. Specifically, in the example shown 1n FIG. 3 or FIG.
4, the controller 112 turns the switches 1364 and 1365 on and
the switches 136¢ to 1361 ofl.

As above, the echo canceller 230 according to Variation of
Embodiment 1 can perform minimized echo cancellation pro-
cessing, which allows a reduction 1n the amount of computa-
tion for echo cancellation processing.

As mentioned above, the echo canceller 130 adopts a tech-
nique of estimating, using an adaptive filter, characteristics of
sound transmission between the speaker 101 and the micro-
phone 102 from moment to moment. In this case, it 1s con-
ceivable that 1t the positional relationship between the
speaker 101 and the microphone 102 changes drastically,
estimating a transfer function using the adaptive filter might
not be able to follow the change, which causes a failure in
desired echo removal, or 1n a worst case scenario, incurs audio
teedback.

Meanwhile, many of recent communication terminals are
what 1s called video-phone terminals which transmit and
receive not only audio signals, but also video signals at the
same time. In some video-phone terminals and so on, a cam-
era for capturing video and a microphone for capturing audio
are integrated as a module. In this case, whether or not the
module 1s moving can be presumed by analyzing signals
which the camera for capturing video 1s recerving.

Specifically, when an entire 1mage represented by video
signals being received 1s moving, 1t 1s possible to infer that the
module 1tself 1s moving, that 1s, 1t 1s expected that the posi-
tional relationship between the microphone 102 and the
speaker 101 1s changing. In such a case, there 1s a risk of a
failure 1n removing echoes and 1n a worst case scenario, a risk
of incurring audio feedback, and audio communication itself
may therefore be suspended.
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FIG. 9 15 a block diagram showing another example of the
structure of the communication terminal 100 according to
Embodiment 1. As shown 1n FIG. 9, the microphone 102 is
provided as a module 304 which includes a camera 303.
Furthermore, a communication terminal 300 shown in FIG. 9
1s different from the communication terminal 100 shown 1n
FIG. 11nthat acommunication unit 310 is provided instead of
the communication unit 110. Specifically, the control unit 310
1s different 1n that a determinator 311 1s provided instead of
the determinator 111. The following description omits fea-
tures the same as those described with reterence to FIG. 1 to
focus on differences therefrom.

The determinator 311 obtains a video signal 1tself which 1s
input from the camera 303 for capturing video or information
which 1s obtained from a signal 1nput from the camera 303,
and determines, based on the signal or the information,
whether or not the module 304 including the camera 303 and
the microphone 102 1s moving. For example, when, by per-
forming motion estimation processing on mcoming video
signals, it 1s determined that the entire 1mage 1s moving, the
determinator 311 determines that the module 304 1s moving.

When 1t 1s inferred that the module 304 1s moving, the
determinator 311 then operates so as to suspend audio com-
munication. For example, the determinator 311 suspends the
coding processing which 1s performed by the encoder 140 and
the echo cancellation processing which 1s performed by the
echo canceller 130.

As above, the communication terminal 300 according to
Variation of Embodiment 1 determines, based on a video
signal input from the camera 303, whether or not the module
304 incorporating the microphone 102 and the camera 303 1s
moving, and suspends nappropriate audio communication
based on a result of the determination. Thus, an audio signal
on which the echo cancellation processing has not been prop-
erly performed or a signal by which audio feedback has been
incurred can be prevented from being transmitted to the far
end.

It may also be possible that the microphone 102 include a
sensor which detects motion, such as an acceleration sensor,
and based on information from such sensor, audio communi-
cation be suspended.

The type of a codec, the sampling frequency, the number of
subbands, and the sampling rate of the downsampling 1n

Embodiment 1 described above are an example and therefore
may be different.

Embodiment 2

A communication terminal according to Embodiment 2 1s
a communication terminal which performs audio signal com-
munication with another communication terminal and 1s
characterized by comprising: an echo cancellation unit which
obtains an input audio signal representing sound captured by
a microphone and removes, for respective subbands, an echo
component which 1s included 1n the obtained input audio
signal and corresponds to an output audio signal provided
from a speaker, to generate an audio signal for transmission;
and a control umit which controls echo cancellation process-
ing according to an amount of computation 1n processing
performed by the communication terminal.

FIG. 10 1s a block diagram showing an example of a struc-
ture of a communication terminal 400 according to Embodi-
ment 2. The communication terminal 400 shown in FIG. 10 1s
different from the communication terminal 100 shown 1n
FIG. 1 1n that a control unit 410 1s provided instead of the
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control unit 110. The following description omits features the
same as those described with reference to FIG. 1 to focus on
differences therefrom.

The control unit 410 controls, for the respective subbands,
echo cancellation processing of the echo canceller 130
according to an amount of computation 1n processing per-
formed by the communication terminal 400. As shown 1n
FIG. 10, the control unit 410 includes a determinator 411 and
a controller 412.

The determinator 411 determines whether or not the
amount of computation in processing performed by the com-
munication terminal 400 exceeds a predetermined threshold.
Specifically, the determinator 411 obtains processor compu-
tation load information indicating a state of a processor about
a computation load thereof and determines, based on the
obtained processor computation load information, whether or
not the amount of computation of the processor exceeds a
predetermined threshold. Here, the processor 1s a computa-
tion unit which actually performs each processing of the
communication terminal 400, that 1s, specifically, the pro-
cessing of the decoder 120, the echo canceller 130, the
encoder 140, the determinator 411, and the controller 412.

The processor computation load information 1s, for
example, information ndicating a load of a function which
the processor performs in parallel. In the case where the
communication terminal 400 1s what 1s called a video-phone
terminal which transmits and receives video signals 1n paral-
lel, an assumed usage state 1s, for example, that television
broadcast 1s viewed on a parent screen while communication
enabled by a video-phone system 1s underway on a child
screen (1.€., a function congestion state). In such a case, the
computation load on the processor increases, resulting in a
decrease 1n the allocation of the amount of computation to the
echo canceller 130, the encoder 140, or the like. In such a
case, a codec with a low computation load 1s selected from
among codecs available at the far end, to reduce the amount of
computation.

Here, the predetermined threshold may be a fixed value that
1s predetermined. Alternatively, the threshold may be
dynamically determined according to an amount of compu-
tation for other processing which the processor 1s requested to
perform.

The determinator 411 may determine a reproduction band
of the audio signal by determining a type of a codec and/or a
sampling frequency which another communication terminal
uses at the time of coding or decoding, as 1n the case of the
determinator 111 according to Embodiment 1.

The controller 412 controls, for the respective subbands,
echo cancellation processing of the echo canceller 130
according to an amount of computation 1n processing per-
formed by the communication terminal 400. Specifically,
when the determinator 411 determines that the amount of
computation exceeds a predetermined threshold, the control-
ler 412 controls the echo cancellation processing. Specific
operations of the controller 412 will be described later.

Next, operations of the communication terminal 400
according to Embodiment 2 are described. Specifically,
operations of the echo canceller 130 and the controller 412 are
described.

The following first describes, with reference to FIG. 11, a
case where, when the amount of computation of the processor
increases and exceeds a predetermined threshold, the control-
ler 412 controls the reproduction band of the audio signal for
transmission to be transmitted to another communication ter-
minal. FIG. 11 shows an example of the functional structure
of the echo canceller 130 where the sampling frequency of
cach of the PCM signal (the output audio signal) from the
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decoder 120 and the PCM signal (the mput audio signal) from
the microphone 102 1s 24 kHz (the reproduction band of the
signal 1s 12 kHz). In the example shown i FIG. 11, it 1s
assumed that the determinator 411 determines that the decod-
ing scheme available at the far end (another communication
terminal) 1s AAC sampling frequency mode at 8 kHz to 24

kHz.

In this case, the sampling {frequency of each of the PCM
signal from the decoder 120 and the PCM signal from the
microphone 102 has a sampling frequency 1s 24 kHz, which
means that when television broadcast 1s not viewed, that 1s,
when the amount of computation does not exceed a predeter-
mined threshold, high-quality communication can be per-
formed using the AAC sampling frequency mode at 24 kHz,
as shown in FIG. 2. However, when viewing of television
broadcast starts, that 1s, when the amount of computation
exceeds a predetermined threshold, the controller 412 con-
trols the echo canceller 130 so that the echo canceller 130 uses
the AAC sampling frequency mode at 16 kHz, for example.

Specifically, when the determinator 411 determines that
the amount of computation of the processor exceeds a prede-
termined threshold, the controller 412 provides the echo can-
celler 130 with instructions on the subband and the number of
taps for echo cancellation processing. In the example shown
in FIG. 11, since the sampling frequency 1s 16 kHz (meaning
that the reproduction band 1s 8 kHz), the number of taps of
cach of the filters of the pseudo-echo generation units 133a to
1334 1s set to a predetermined number of taps which 1s suili-
cient to remove echoes, and the number of taps of each of the
filters ol the pseudo-echo generation units 133e and 133115 set
to O.

As above, when the amount of computation of the proces-
sor exceeds a predetermined threshold, the control umt 410
sets a narrower reproduction band for the audio signal for
transmission to be transmitted to another communication.
Accordingly, the control umt 410 sets, to 0 (or a suificiently
small value), the number of taps of a filter which 1s applied to
a signal 1n a subband which 1s not to be transmatted.

By so doing, as shown i FIG. 11, not only the number of
subbands which are processed by the echo canceller 130 can
be reduced, but also the amount of computation of the encoder
140 1tself can be reduced. Consequently, even when the
amount of computation of the processor increases, 1t 1S pos-
sible to achieve, for example, communication which uses the
communication terminal 400 according to Embodiment 2
while television broadcast 1s being viewed.

Although the foregoing has described the case where all the
filters applied to signals 1n the respective subbands (the filters
ol the pseudo-echo generation units 133a to 1334) have the
same number of taps, the filters may have different number of
taps for each subband. As shown by shading in FIG. 11, the
ogreat length of taps i1s maintained for a signal 1n a low-
frequency subband because 1t has a large impact on echoes,
but for a signal in a high-frequency subband which has a small
impact on echoes, the length of taps may be reduced so as to
reduce the processing load. In FIG. 11, the area size of shad-
ing i1n the pseudo-echo generation unit for each subband
indicates the number of taps of the corresponding filter.

The control umit 410 may set the number of taps 1n advance
regardless of the amount of computation so that the number of
taps 1ncreases or becomes equal as the frequency of the sub-
band decreases. At this time, the control unit 410 may change
the number of taps when the amount of computation exceeds
a predetermined threshold or according to the reproduction
band of the output audio signal or the audio signal for trans-
mission.
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Specifically, as shown 1in FIG. 12, the controller 412 may
set a smaller number of taps for each subband in such a way
that a subband-to-subband size relationship of the number of
taps will be kept after the change 1n the number of taps. In
other words, the number of taps may be set 1n such a way that,
betfore and aiter the change 1n the number of taps, the number
of taps of a filter which 1s applied 1n a low-frequency subband
1s larger than the number of taps of a filter which 1s applied 1n,
a high-frequency subband.

In Embodiment 2 described above, the frequency sup-
ported by the encoder 140 or the number of taps 1n the echo
canceller 130 1s changed when the amount of computation of
the processor 1s large. In this case, the sound quality of audio
which 1s transmitted to the far end (another communication
terminal) will be atfected. In order to avoid this, a method of
limiting, as shown 1n FIG. 13, the reproduction band of sound
which 1s reproduced at the near end (a communication termi-
nal 500) may be adopted.

FIG. 13 15 a block diagram showing another example of the
structure of the communication terminal according to
Embodiment 2. The communication terminal 300 shown 1n
FIG. 13 1s different from the communication terminal 400
shown in FIG. 10 1n that a control unmit 510 1s provided instead
of the control umit 410 and a band limiter 560 1s newly pro-
vided. Furthermore, the control unit 510 1s different in that a
controller 512 1s provided instead of the controller 412. The
following description omits features the same as those
described with reference to FIG. 10 to focus on differences
therefrom.

The band limiter 560 1s an example of a band limiting unit
according to an implementation of the present invention,
which limits the reproduction band of the output audio signal
and outputs, to the speaker 101, an output audio signal 1n the
limited reproduction band. For example, under control of the
controller 512, the band limiter 560 may attenuate a signal 1n
a high-frequency band using a low-pass filter or may lower
the sampling frequency itself using a downsampler.

When the amount of computation of the processor exceeds
a predetermined threshold, the controller 512 determines a
reproduction band which 1s limited by the band limiter 560,
and controls the echo cancellation processing according to
the determined reproduction band. Specific control on the
echo cancellation processing 1s the same as what the above
controller 112 or the like performs.

For example, assume that the band limiter 560 limits the
band of the sampling frequency of the output audio signal
from 24 kHz to 16 kHz, which means that the band limiter 560
limits the reproduction band of the output audio signal from
12 kHz to 8 kHz. F1G. 14 shows an example of the functional
structure of the echo canceller 130 where the band 1s limited
to 8 kHz.

Comparing FIG. 14 with FI1G. 11, the band of signals which
are input to the subband synthesis filter 135 1s limited to 0 to
8 kHz mn FIG. 11 while it 1s limited to a broader band (0 to 12
kHz) 1n FIG. 14. Furthermore, in both FIG. 14 and FIG. 11, no
pseudo-echo generation processing 1s performed on signals in
a high-frequency band (8 to 12 kHz).

This 1s because 1t 1s known that the echoes travelling 1n the
space have no high-frequency components because the repro-
duction band of the output audio signal which 1s output from
the speaker 101 1s limited by the band limiter 560. By so
doing, the high frequency band of audio which 1s transmaitted
to the far end 1s maintained, which makes it possible to pro-
vide good audio to a user at the far end and also possible to
reduce the amount of computation for the echo cancellation
processing 1n the communication terminal 500.
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Although the band limiter 560 1s provided as a method of
limiting the reproduction band of the output audio signal 1n
the above-described example, 1t may also be possible that
signals 1n a high-frequency band are discarded when the
decoder 120 decodes the mput bitstream. In other words, 1t
may also be possible that the decoder 120 decodes only sig-
nals 1n a low-Irequency band out of the input bitstream.

Furthermore, as 1n a communication terminal 600 shown 1n
FIG. 15, 1t may be possible to give an instruction via the
communication network such that the far end will limait the
band by an encoder (or will use an encoder which supports a
low sampling frequency). The communication terminal 600
shown 1n FI1G. 15 1s different from the communication termi-
nal 400 shown in FI1G. 10 1n that a control unit 510 1s provided
instead of the control unit 410 and an instruction unit 670 1s
newly provided. The following description omits features the
same as those described with reference to FIG. 10 to focus on
differences therefrom.

The 1nstruction unit 670 transmits, to another communica-
tion terminal, an instruction for limiting the reproduction
band of an audio signal which 1s used by another communi-
cation terminal to generate an mnput bitstream when the
amount of computation of the processor exceeds a predeter-
mined threshold. Specifically, the mstruction unit 670 trans-
mits an instruction for setting, as the reproduction band which
1s supported by an encoder 1n another communication termi-
nal, the reproduction band determined by the control unit 510.

By so doing, the high frequency band of audio which 1s
transmitted from the communication terminal 600 to another
communication 1s maintained, making 1t possible to provide
good audio to a user at the far end and also possible to reduce
the amount of computation for the echo cancellation process-
ing in the communication terminal 600.

Furthermore, the processor computation load information
may be, for example, information indicating reverberation
characteristics of a room 1 which the speaker 101 and the
microphone 102 are placed. Alternatively, the processor com-
putation load information may be information indicating
expected reverberation characteristics of the room 1n which
the speaker 101 and the microphone 102 are placed. For
example, the communication terminal 400 according to
Embodiment 2 causes the speaker 101 to generate impulse
sound and measures reverberation characteristics based on
the impulse sound, thereby obtaining information which indi-
cates reverberation characteristics of the room.

When the reverberation characteristics represent a long
reverberation, the length of taps for generating pseudo echoes
has to be large, which causes a decrease 1n the allocation of
the amount of computation to a codec. In such a case, a codec
which supports a low sampling frequency 1s selected from
among codecs available at the far end, which allows not only
a reduction in the amount of computation of an encoder, but
also a reduction 1n the number of subbands and the number of
taps 1n the echo canceller.

When the reverberation characteristics represent a short
reverberation, the input audio signal 1s considered to include
a small number of echo components, so that the number of
taps of the filter and the number of subbands subject to the
echo cancellation processing may be reduced.

It may also be possible that, regardless of the reproduction
band of the audio signal which 1s processed by another com-
munication terminal, the above-described control on the echo
canceller 130 or the above-described limitation on the band of
the output audio signal or the audio signal for transmission 1s
carried out based only on the amount of computation of the
processor of the communication terminal 400 according to
Embodiment 2. For example, when the amount of computa-
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tion exceeds a predetermined threshold, the control unit 410
may perform echo cancellation processing only part of the
subbands that includes the lowest-frequency band and does
not include the highest-frequency band. In other words, when
the amount of computation exceeds a predetermined thresh-

old, the control unit 410 may set, to 0, the number of taps of

the filter which 1s applied in at least one of the subbands that
includes the highest-frequency band and does not include the
lowest-frequency band.

This 1s because, as described above, an echo 1n a low-
frequency subband has a large impact while an echo 1n a
high-frequency subband has a small 1impact, which means
that the echo cancellation processing 1s desirably performed
on a signal 1n at least a subband including the lowest-ire-
quency band.

Although the communication terminal and the communi-
cation method according to the present invention have been
described based on the embodiments, the present invention 1s
not limited to these embodiments. Without departing from the
scope of the present invention, the present invention includes
an embodiment with some modifications on such embodi-
ment, which are conceived by a person skilled in the art, or an
embodiment obtained through combinations of the constitu-
ents of different embodiments.

For example, the present invention can not only be imple-
mented as the communication terminal and the communica-
tion method as described above, but also be implemented as a
program which causes a computer to execute the communi-
cation method according to an embodiment of the present
invention. Furthermore, the present invention may be imple-
mented as a computer-readable recording medium on which
the above program 1s recorded, such as a compact disc read
only memory (CD-ROM). Moreover, the present invention
may be implemented as information, data, or signals which
indicate the above program. In addition, these program, infor-
mation, data, and signals may be distributed via a communi-
cation network such as the Internet.

Furthermore, part or all of the constituents included 1n the
communication terminal may be provided in one system large
scale mtegration (LLSI). The system LSI 1s a super multifunc-
tional LSI manufactured by integrating plural components
into one chip and 1s specifically a computer system which
includes a microprocessor, a read only memory (ROM), a
random access memory (RAM) and so on.

Although only some exemplary embodiments of the
present invention have been described 1n detail above, those
skilled 1n the art will readily appreciate that many modifica-
tions are possible in the exemplary embodiments without
maternally departing from the novel teachings and advantages
of the present invention. Accordingly, all such modifications

are 1ntended to be included within the scope of the present
invention.

INDUSTRIAL APPLICABILITY

The communication terminal and the communication
method according to the present invention produce an effect
that the amount of computation required for echo cancellation
processing can be reduced, and are available, for example, for
various communication devices such as a communication
terminal for a video phone or a video conference.
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The mvention claimed 1s:

1. A communication terminal which performs audio signal
communication with another communication terminal, the
communication terminal comprising:

a decoding unmit configured to (1) decode an input bitstream
received from the other communication terminal, to gen-
erate an output audio signal and (11) output the generated
output audio signal to a speaker;

an echo cancellation unit configured to obtain an input
audio signal and remove, for respective subbands, an
echo component 1included 1n the obtained mnput audio
signal, to generate an audio signal for transmission, the
input audio signal representing sound captured by a
microphone placed in a space to which the speaker out-
puts the sound, and the echo component corresponding
to the output audio signal generated by the decoding
unit;

a coding unit configured to (1) code the audio signal for
transmission to generate an output bitstream and (11)
transmit the generated output bitstream to the other com-
munication terminal;

a control unit configured to control, for the respective sub-
bands, echo cancellation processing of the echo cancel-
lation unit according to a reproduction band of at least
one of the output audio signal and the audio signal for
transmission; and

an instruction unit configured to transmit an instruction to
the other communication terminal when an amount of
computation 1n processing performed by the communi-
cation terminal exceeds a predetermined threshold, the
instruction being an instruction for limiting a reproduc-
tion band of an audio signal which 1s used by the other
communication terminal in generating the mput bat-
stream.

2. A communication terminal which performs audio signal
communication with another communication terminal, the
communication terminal comprising:

a decoding unmit configured to (1) decode an input bitstream
received from the other communication terminal, to gen-
erate an output audio signal and (11) output the generated
output audio signal to a speaker;

an echo cancellation unit configured to obtain an input
audio signal and remove, for respective subbands, an
echo component included 1n the obtained mput audio
signal, to generate an audio signal for transmission, the
input audio signal representing sound captured by a
microphone placed 1n a space to which the speaker out-
puts the sound, and the echo component corresponding
to the output audio signal generated by the decoding
unit;

a coding unit configured to (1) code the audio signal for
transmission to generate an output bitstream and (11)
transmit the generated output bitstream to the other com-
munication terminal; and

a control umt configured to control, for the respective sub-
bands, echo cancellation processing of the echo cancel-
lation unit according to an amount of computation 1n
processing performed by the communication terminal,

wherein the control unit 1s configured to perform the echo
cancellation processing only 1n at least one of the sub-
bands when the amount of computation exceeds a pre-
determined threshold, the at least one subband 1including,
a lowest-frequency band and not including a highest-
frequency band.
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